Abstract -Fructose is the dominant monosaccharide in bilberry juice and red bilberry juice, but glucose is dominant in the cranberry juice. Dominant polyphenols are catechine and chlorogenic acid. In the bilberry and red bilberry juices, the most common acids are citric, quinic and tartaric acids, in the cranberry juice -citric, quinic and malic acids. When bilberry juice is heat-treated for 30 min at 98 C  1 C, HMF content is 2-fold higher than in samples treated at 60 C  1 C. In solutions from lyophilisates of wild berry juice, turbidity and translucent coloration have been determined.
I. INTRODUCTION
Inclusion of the organic food in the diet may help to improve health. Latvian wild berries are usually gathered in the least polluted areas -forests and bogs -and can be considered an uncontaminated source of vitamins, various polyphenols, carbohydrates and organic acids. Although the food market is overflowed with a large variety of juices and canned berries, research on healthier products without added preservatives, antioxidants and other synthetic substances continues. The unique properties of wild berries have encouraged scientists all over the world to study their properties and potential use [1] [2] [3] [4] .
Two major species of cranberry are the American cranberry (Vaccinium macrocarpon) spread in the USA and Canada and the European cranberry (Vaccinium oxycoccos), which is widely spread in Latvia. Up to date, most studies have used cultivated American cranberry [1, [5] [6] [7] [8] [9] and less attention has been devoted to European cranberry [10] [11] [12] [13] , and only few studies have examined wild cranberry [13] . The mostly studied compounds that are present in cranberries are flavonols, flavonones, anthocyanins and flavanols [14] [15] [16] [17] [18] [19] . In addition, cranberry is an exceptional source of various organic acids [6] . Many cranberry phytochemicals, including various polyphenols and anthocyanins, are absorbed in humans [5] , [20] [21] [22] . Several of these phytochemicals can improve the human health in case of urogenital and cardiovascular diseases (CVD) [1] , [14] .
Bilberry is rich in anthocyanins, which are believed to be responsible for most of the effects on health improvement attributed to bilberry [3] , [23] , [24] . Most well-known effects are related to vision improvement, but some effects on blood glucose lowering and lipid lowering may prove to be beneficial in treatment of diabetes and CVD [25] . Red bilberry is rich in proanthocyanidins and anthocyanins [2] , [26] , which are absorbed in humans [27] . Red bilberry is best known for its antibacterial and anti-inflammatory properties [26] .
In order to obtain various food products (jams, pasteurized drinks), berries are heat-treated. During the processing of berries, 5-(hydroxymethyl)furfural (HMF) may be formed from monosaccharides and organic acids found in the berries. Due to the potential carcinogenic activity of HMF [28] [29] [30] , its content should be monitored and could serve as an indicator of food product quality. In order to prevent seasonality in berry juice production, it is purposeful to use juice concentrates or rapidly soluble dried concentrates; nevertheless, new techniques to process berries and measurements to monitor the quality of products are needed.
The aim of the study is to quantitatively determine the content of bioactive compounds and HMF in juice and juice lyophilisates from Latvian bilberries (Vaccinium myrtillus L.), cranberries (Oxycoccus palustris Pers.) and red bilberries (Vaccinium vitis-idaea L.).
II. MATERIALS AND METHODS
Juice samples from wild bilberries (Vaccinium myrtillus L.), cranberries (Oxycoccus palustris Pers.) and red bilberries (Vaccinium vitis-idaea L.) gathered in Latvian forests and bogs were used in the study. Bilberries were harvested in the first part of August, red bilberries in the second part of September in Jelgava region, cranberries in the first part of October 2010 in the bog near Kalnciems. Berries were processed using cold press to obtain juice that was immediately analyzed.
The content of polyphenols, carbohydrates, organic acids, ascorbic acid and HMF were determined by high performance liquid chromatography (HPLC) (Shimadzu LC-20 prominence) using the calibration curve method.
Concentration of carbohydrates in wild berry juice was determined by HPLC as described previously [31] . In brief, calibration was made using standard solutions of fructose, glucose, sucrose and maltose at the following concentrations: 0.05 g L -1 , 0.025 g L -1 and 0.001 g L -1 . Juice samples (10 L) were injected into the chromatograph and analyzed using acetonitril: water (70:30 volume/volume, %) as a mobile phase by flow rate 1.3 mL min -1 and Alltech NH2 column (4.6 mm x 250 mm), detector RID-10A.
Concentration of phenolic compounds in wild berry juice was determined by HPLC. Calibration was made using standard solutions of gallic acid, catechine, epicatechine, caffeic acid, syringic acid, chlorogenic acid, coumaric acid, sinapic acid, ferulic acid, rutine and 4-hydroxybenzoic acid. Juice samples (10 L) were injected into the chromatograph and analyzed using methanol:glacial acetic acid (20:80 volume/volume, %) as a mobile phase by flow rate 1.3 mL min -1 and a PerkinElmer C18 column (4.6 mm x 250 mm), detector DAD SPD-M20A (278 nm). doi: 10.7250/msac.2014.001
Concentrations of organic acids in wild berry juice were determined by HPLC. Calibration was made using standard solutions of oxalic, tartaric, quinic, malic, citric, fumaric, succinic, ascorbic acids. Juice samples (10 L) were injected into the chromatograph and analyzed using acetonitril:0.05 M KH2PO4 (1:99 volume/volume, %) as a mobile phase by flow rate 1.25 mL min -1 and Alltech C18 column (4.6 mm x 250 mm), detector DAD SPD-M20A (210 nm).
In addition, for the comparison the concentrations of organic acids were also determined in black currant (Titania), red currant (Laila), quince (Cido), lemon (Eureka) and apple (Antonovka) juices.
Concentration of HMF in wild berry juice was determined by HPLC. Calibration was made using standard solutions of HMF at the following concentrations:
and 40 mg L -1 . Juice samples (15 L) were injected into the chromatograph and analyzed using acetonitrila: water (10:90 volume/volume, %) as a mobile phase by flow rate 1.3 mL min -1 and Alltech C18 column (4.6 mm x 250 mm) connected to a UV/VIS detector (SPD-20A) set at 280 nm.
To obtain lyophilisates, juice samples were freeze-dried using Christ Freeze Dryer Alpha 1-2 LD plus at -50 C and 6.4 Pa. Solutions were prepared from lyophilisates and used to measure turbidity with WTW photometer MPM 300 ( = 800 nm) (DIN 27027/ISO 7027) and translucent coloration number with WTW photometer MPM 300 ( = 445 nm,  = 520 nm,  = 620 nm) (EN ISO 7887:1994).
The results are presented as the mean ± standard deviation (SD). Data analysis was performed using in-built analysis of Microsoft Excel 2007.
III. RESULTS AND DISCUSSION
The present study was performed to determine the content of polyphenols, carbohydrates, organic acids, ascorbic acid and HMF in juice from wild bilberries, cranberries and red bilberries gathered in Latvian forests and bogs.
Only the monosaccharide glucose and fructose were found in berry juice samples, but no sucrose and maltose were identified. Fructose was the dominant monosaccharide in bilberry and red bilberry juices, but glucose was dominant in the cranberry juice (Table 1) . The content of polyphenols in the analyzed juice samples varied in a wide range up to 147.4 mg L -1 ( To compare wild berry juice to black currant, red currant, quince, lemon and apple juices, the content of the following organic acids was determined: tartaric, quinic, malic, citric, fumaric, succinic acids (Table 3) . Dominant acid in the juices, except for the quince and apple juices, was citric acid ranging from 12.83 g L -1 (bilberry juice) to 117.3 g L -1 (lemon juice). The 3 most common acids in the bilberry and red bilberry juices are citric, quinic and tartaric acids. The 3 most common acids in the Latvian cranberry juice are citric, quinic and malic acids, similar to the American cranberry [6] . Meanwhile, the content of ascorbic acid in cranberry, bilberry and red bilberry juices was 0.580 g L , respectively. When bilberry juice was heat-treated for 30 min at 98 C  1 C, HMF content was 2-fold higher than in the samples treated for 30 min at 60 C  1 C. No difference in HMF content was found between samples treated at 20 C  1 C and 60 C  1 C (Fig. 1) . Therefore, if heat treatment is required it is preferable to use 60 C  1 C instead of 98 C  1 C. The yield for lyophilisates on average was 11% of the original mass. The solutions produced from liophilisates of cranberry, red bilberry and bilberry juices at a concentration of 10 g L -1 had pH values of 2.8, 3.0 and 3.2, respectively as determined by using electrode Sen Tix 97T connected to a pH-meter 538 from WTW. Meanwhile, the pH values of cranberry, red bilberry and bilberry juices were 2.5, 2.7 and 3.0, respectively. Together, the pH values of lyophilisates are only slightly higher (less acidic) than pH values for respective juices.
Solutions from lyophilisates of wild berry juice were used to measure turbidity expressed as formasin turbidimetric units (FTU) and to measure translucent coloration number expressed as m -1 . Bilberry juice had the highest turbidity, while cranberry juice had the lowest one (Fig. 2) . Nevertheless, unlike the drinking water, turbidity of juice is not regulated, and commercially produced juice often contains bits of berries and fruits. The main compounds that determine the translucent coloration number of wild berry juice are anthocyanins, but to some extent also organic acids may affect coloration. As can be seen in Fig. 3 , the translucent coloration number of the juice tested increases in the following order: red bilberry, cranberry and bilberry. Tested colourful solutions from lyophilisates absorb various wavelengths of visible light in a distinct manner. The least coloration numbers and, therefore, the highest absorption was observed at wavelength =620 nm. 
IV. CONCLUSIONS
Latvian wild berry juice is rich in various bioactive organic compounds. Freeze drying is a valid method to be used during processing of wild berry juices and can be used as an alternative to pasteurization. If heat treatment for juice processing is a must, then temperatures should be kept below 60 C. . При повышенной температуре в соке черники выявлено образование ГМФ, при этом после нагревания сока 0.5 час. при температуре 98 C  1 C содержание HMF было в два раза выше по сравнению с образцом, выдержанным 0.5 час. при температуре 60 C  1 C. Исследования показали, что в Латвии дикорастущие ягоды богаты различными биологически активными органическими веществами. Лиофилизация соков является рекомендуемым способом нежной обработки соков, и этот метод можно применять как альтернативу пастеризации.
